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Description 

[0001] The present invention relates generally to a 
method of coating a component having at least one pas- 
sage entirely through its walls as in the preamble of 
claim 1 . An example of such a method is disclosed in 
JP-A-8-1 08400. In particular it relates to a method of 
removing excess coating material from within the cool- 
ing holes of coated gas turbine components. 
[0002] Gas turbine engines operate at extremely high 
temperatures for increased performance and efficiency. 
A limiting factor in most gas turbine engine designs, 
however, is the maximum temperature that various com- 
ponents of the engine can tolerate. One such particular 
component area which is so limited is the combustion 
chamber of a gas turbine engine. 
[0003] One method to increase the maximum allowa- 
ble temperature and/or decrease the component metal 
temperature is to provide cooling holes in the walls of 
the component. These holes allow cool air to flow 
through and along the walls of the component exposed 
to the high gas temperatures. As the air flows along the 
surface of the walls it forms a cool layer. This cool layer 
reduces the temperature of the wall surface and physi- 
cally keeps the hot gases from contacting the walls of 
the component, thereby permitting the component to 
withstand higher gas temperatures than would other- 
wise be possible. 

[0004] Another method of allowing higher gas temper- 
atures to be used is to apply a protective thermal barrier 
coating to the walls of the component that are exposed 
to the hot gases. In the case of combustors this is, in 
particular, the inner walls of the flame tube, the outer 
walls being exposed to cooler compressor delivery air. 
Such coatings conventionally comprise, for example a 
MCrAlY material which offer thermal and corrosion pro- 
tection. MCrAlY refers to known coating systems in 
which M denotes nickel, cobalt, iron or mixtures thereof; 
Cr denotes chromium; Al denotes aluminium; and Y de- 
notes yttrium. A further ceramic layer is also often ap- 
plied on top of the MCrAlY layer to give improved ther- 
mal protection. In such an arrangement the MCrAlY lay- 
er acts as a bond coat for the ceramic coating layer. An 
example of such a ceramic coating material is yttria sta- 
bilised zirconia which is applied on top of an MCrAlY 
layer. 

[0005] The MCrAlY and ceramic protective coatings 
are typically applied by physical vapour deposition 
(PVD), chemical vapour deposition (CVD) or plasma 
spraying means. Examples of such protective coatings 
and the methods of applying them are well known and 
are described in: US 4321311, US 5514482, US 
4248940 among many others. 

[0006] Cooling holes and protective coatings can, and 
are, used in conjunction to allow operation of a compo- 
nent at a high temperature. There are two basic meth- 
ods for producing such components that have cooling 
holes and a protective coating. In the first method the 



coating is applied to the component and then the holes 
are drilled through the coated component. Examples of 
this method are described in pending European Patent 
Application Number 97305454 in which laser drilling is 

5 used to penetrate a thermal barrier coating and the met- 
al of the component A problem with this method is that, 
by design, the thermal barrier coating is resistant to 
heating produced by the laser to drill through the mate- 
rial. Consequently drilling of the coating requires a high 

10 power laser, a prolonged operation, and results in con- 
siderable heating of the surrounding area which can be 
undesirable. Problems also exist if mechanical drilling 
techniques are used since the thermal barrier coatings 
are generally brittle. Mechanical drilling can crack and 

15 damage the coating in the region around the holes caus- 
ing the coating to fall off the component either during the 
machining operation or prematurely during service. 
[0007] In the second method holes are drilled in the 
component and then the coating is applied to drilled 

20 component. This method does not have any of the prob- 
lems associated with drilling/machining through the 
coating described above. However application of the 
coating after the holes have been drilled does tend to at 
least partially block some or all of the holes. This re- 

25 stricts the flow of cooling air through the holes and can 
result inadequate cooling of the component producing 
hot spots, overheating and possible failure of the com- 
ponent. Furthermore the blocking of the cooling holes is 
unpredictable and so designing the holes to accommo- 

30 date a degree of blockage is problematic and also, if it 
is possible will reduce the efficiency of the engine. 
[0008] Consequently any coating material blocking 
the cooling holes has to be removed. The problem of 
cooling hole blockage and a method of removing the 

35 coating from a cooling hole is described in EP 
0,761,386. According to this patent an abrasive slurry 
under pressure is directed at the coating on the compo- 
nent. This slurry flows through the cooling holes thereby 
removing the coating material that is blocking the hole. 

40 A similar technique using a high pressure fluid jet is also 
described in JP 8108400. 

[0009] A problem with both of these methods of clear- 
ing the holes is that the high pressure fluid jet, and the 
abrasive slurry, as well as removing the coating material 

45 from within the hole can also undesirably damage the 
remainder of the coating on the component. In particular 
the coating material in the region around the cooling 
hole is often damaged. This damage to the coating can 
reduce the coating thickness and/or reduce its adhesion 

50 to the component resulting in the coating falling off. 
[0010] Further problems are that the high pressure 
fluid, and the abrasive slurry, have to be accurately di- 
rected at the specific cooling holes. This requires that 
the high pressure fluid jet, or abrasive slurry, is accu- 

55 rately controlled and directed. This is however difficult 
to achieve in a production environment and the ma- 
chines capable of such accurate control are expensive. 
An alternative way of accurately directing the abrasive 



3 



EP 0 916 445 B1 



4 



slurry or jet at a particular hole is to use a protective 
maskant or suitable tooling to mask some of the holes, 
and possibly the surrounding area of the coating. The 
mask protects the areas of the component from the jet 
or abrasive slurry and accurately directs the high pres- 
sure fluid or abrasive slurry into the holes. The mask is 
then removed and applied to a different area and cooling 
holes in order to clear ail of the holes of the component. 
This process is however slow and is not conducive to a 
production environment. There is also a possibility that 
if a maskant is used that the maskant may not be fully 
removed and may itself block the cooling holes. A 
maskant, or the method of removal of the maskant, may 
also damage the coating. 

[001 1] It is therefore desirable to provide an improved 
method of removing material from holes within a com- 
ponent that addresses the above mentioned problems 
and/or offers improvements generally to such methods. 
[0012] According to the present invention there is pro- 
vided a method of coating a component having at least 
one passage entirely therethrough comprising the steps 
of applying a coating to a region of a first surface of said 
component adjacent one end of said at least one pas- 
sage and subsequently directing a fluid jet through the 
other end of the said at least one passage so as to re- 
move at least a portion of any coating material located 
within, or obstructing, the passage. 
[001 3] in this method the component itself is used as 
a mask to direct a high pressure fluid jet though a cooling 
hole, whereupon it machines away and removes any 
material blocking the hole. This has the advantage that 
the jet does not have to be accurately directed at a par- 
ticular hole allowing a less accurate, cheaper and sim- 
pler machine to be used. In addition the remainder of 
the coating which is not blocking the hole is protected 
from the jet by the component itself. Any damage to the 
coating is therefore reduced. The use of the component 
itself as a mask also means that the process is simple 
and relatively rapid. 

[0014] Preferably the fluid jet is a water jet. 
[0015] The at least one passage may be arranged to 
provide, in use, a cooling flow for the component. The 
component may be made from a metal and the coating 
may be a ceramic. 

[0016] Preferably the component is a combustor 
flame tube. Alternatively the component maybe be a tur- 
bine blade. 

[0017] Preferably the jet is channelled by a first por- 
tion of the at least one passage, adjacent a second sur- 
face of the component, before it encounters the coating 
material within the passage. 

[0018] Furthermore the component may have a plu- 
rality of passages, the method comprising directing the 
jet through a first passage and then traversing the jet 
across the second surface of component to a next pas- 
sage where upon it flows through th next passage. 
[001 9] Preferably the jet is traversed at a constant rate 
over a region of the first surface of the component in 



which the passages are located. Substantially all of the 
coating within the passage may be removed from the 
first passage before the jet is traversed to the next pas- 
sage. 

5 [0020] Preferably the component is rotated relative to 
the fluid jet such that the fluid jet is intermittently directed 
through the at least one passage during the rotation of 
the component. 

[0021] The jet may be repeatedly directed through all 
10 of the passages until the passages have substantially 
been cleared of any coating material within, or obstruct- 
ing, the passages. 

[0022] The present invention will now be described, 
by way of example only, with reference to the accompa- 
15 nying drawings in which; 

Figure 1 is a sectional view of a part of an annular 
combustor section of a gas turbine engine, 
Figure 2 is an illustrative view of a fluid jet operating 
20 on a part of a combustor flame tube wall in accord- 
ance with the present invention, 
Figures 3a,b,c are diagrammatic views showing the 
combustor flame tube wall and cooling hole at var- 
ious stages during manufacture in accordance with 
25 the present invention, 

Figure 4 illustrates a second embodiment method 
of machining holes in a combustor flame tube ac- 
cording to the present invention. 

30 [0023] Referring to figure 1 there is shown a combus- 
tor section 20 of a gas turbine engine. Inner and outer 
annular casing walls 2 and 4 respectively define an an- 
nular duct 11. Within this annular duct 11 there is pro- 
vided an annular flame tube 6. Compressed air from a 

35 compressor section (not shown) of the gas turbine en- 
gine flows, as shown by arrow A, into this duct 11 
through an inlet 14. A portion of this air flows into the 
interior 7 of the flame tube 6 as shown by arrow G, 
through an upstream annular flame tube inlet 8. The re- 

40 mainder of the air flows around the outside 9 of the flame 
tube 6, as shown by arrows H. The air entering the flame 
tube 6 is mixed with fuel, which is supplied from a 
number of fuel nozzles 18 within the flame tube 6. The 
resulting fuel/air mixture in the interior 7 of the flame 

45 tube 6 is then burnt to produce a high temperature gas 
stream. This high temperature gas stream flows along 
the flame tube 6 as shown by arrow B, through an an- 
nular outlet 10 and series of outlet guide vanes 12 at the 
downstream end of the flame tube 6 and combustor 20, 

50 jnto the turbine section and/or the exhaust of the gas 
turbine engine. 

[0024] The walls 44 of the annular flame tube 6 are 
pierced by a number of cooling holes 16. The cooling 
holes 16 act as passages through the walls 44 of the 
55 flame tube 6. Cool compressed air flowing around the 
flame tube 6 flows through these holes 16 into the inte- 
rior 7 of the flame tube 6 and along the walls 44 of the 
flame tube 6. This flow of cool air through the walls 44 
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of the flame tube 6 cools the walls 44 of the flame tube 
6. The flow of air along the inside walls of the flame tube 
6 produces a layer of relatively coot air adjacent to these 
walls which provides a thermal barrier between the wall 
44 of the flame tube 6 and the hot combustion gases 
within 7 the flame tube 6. A thermal barrier coating 28, 
generally comprising a layer of ceramic material is also 
provided on the inside walls of the flame tube 6 which 
also protects the walls 44 of the flame tube 6 from the 
hot combustion gases. 

[0025] The flame tube 6 may also have a number of 
other, larger, openings 26 within the walls 44 to admit 
additional compressed air to the interior 7 of the flame 
tube 6. This additional air being provided to aid further, 
and more complete combustion within the interior 7 of 
the flame tube 6. 

[0026] The flame tube 6 is made from sheet metal, 
generally a high temperature alloy for example a nickel 
cobalt or iron superailoy, which is fabricated into the re- 
quired shape of the flame tube walls 44. The thickness 
of the metal walls is typically between 1-1. 6mm. Alter- 
natively the metal flame tube 6 can be fabricated from 
forged rings or even cast. 

[0027] The cooling holes 1 6 in the flame tube walls 44 
are conventionally produced by such methods as elec- 
trical discharge machining (EDM) or laser drilling. Figure 
3a, shows a detailed view of a hole 16 produced in the 
flame tube wall 44. As shown the cooling holes 16 are 
generally angled in the flow direction and act in effect 
as passages through the walls 44 of the component. 
Such angling promotes the formation of a layer of cool 
air along the inside 22 of the flame tube walls 44. The 
diameter of the cooling holes 1 6 is typically between 
about 0.25mm and about 0.76mm. 
[0028] After production of the cooling holes 16, the 
first (interior) surfaces 22 of the flame tube walls 44, 
which define the interior 7 of the flame tube 6, are coated 
with a thermal barrier coating 28. This coating 28 on the 
first (interior) surfaces 22 provides the flame tube walls 
44 with protection from the high temperature combus- 
tion gases. The second (exterior) surfaces 24 of the 
flame tube 7, being exposed to relatively cool compres- 
sor air 9, do not require thermal protection and are ac- 
cordingly not coated. Typically the coating 28 comprises 
a MCrAlY, and/or an aluminide bond coat that is first ap- 
plied to the wall. On top of this bond coat a ceramic coat- 
ing, for example yttria stabilised zirconia, is deposited. 
Such coatings are well known in the art and are applied 
by conventional techniques for example sputtering, 
electron beam physical vapour deposition (EBPVD), 
and plasma spraying. An example of such a coating 28 
and method of application is described in US 4321311, 
which describes an MCrAlY bond coat and alumina lay- 
er and an EBPVD columinar grain ceramic layer. US 
5514482 describes a diffusion aluminide bond coat with 
an alumina layer and then an EBPVD ceramic layer. US 
5262245 describes an MCrAlY bond coat with a plasma 
sprayed ceramic layer. Further examples are described 



in US 4248940, US 5645893 and US 5667663. 
[0029] The thickness of these coatings 28 is typically 
between about 0.3mm to about 0.5mm depending upon 
the particular requirements of the combustor 20, or com- 
5 ponent being protected. 

[0030] Application of the coating 28 often results in an 
undesirable accumulation 30 of the coating material 
within and over the cooling holes 1 6, as shown in figures 
2 and 3b. This accumulation may either partially or to- 
tally block the cooling hole 16, thereby restricting or pre- 
venting the flow of cooling air through the hole 1 6 during 
engine operation. This, if not removed, may result in in- 
adequate cooling of the flame tube wall 44 and a reduc- 
tion or elimination in the thickness of the cooling layer 
adjacent the flame tube walls 44. In turn this may then 
lead to local hot spots on the flame tube wall 44 which 
may cause the flame tube material to fail and will reduce 
the service life of the component. 
[0031] Accordingly after application of the coating 28 
the accumulation 30 of coating material within and over 
the holes 1 6 is removed. This is achieved using a high 
pressure water jet 38 as shown in figure 2. High pres- 
sure water jet machining and machines capable of car- 
rying out the process are generally known. Examples of 
such machines are produced and available from Flow 
Europe GmbH, Germany. Such machines have a nozzle 
32 which is supplied by means of a supply pipe 34 with 
high pressure water, typically between about 10,000 psi 
(689 bar) and about 60,000 psi (4136 bar). This exits 
the nozzle 32 through a circular orifice 36 producing a 
generally circular jet 38 of high pressure water. The di- 
ameter of the jet 38 is generally between 0.7mm and 
1.7mm, and is typically about 1mm. The nozzle 32 is 
mounted on a suitable support means (not shown), for 
example a robot arm, that is capable of moving the noz- 
zle 32, and jet 38, relative to a workpiece, for example 
the flame tube 6. 

[0032] According to the method of the invention the 
water jet 38, from a suitable water jet machine, is direct- 
ed against the second (exterior) surfaces 24 of the flame 
tube 6 in the region of the holes 16. The jet 38 is angled 
so that it impinges the walls 44 of the flame tube 6 at 
substantially the same angle as the cooling holes 1 6 and 
is traversed over the holes 1 6 in the flame tube walls 44, 
as shown generally by arrows C. The pressure of the 
water jet 38, the distance 49 (sometimes call standoff) 
between the nozzle 32 and the flame tube walls 44, and 
the length of time that the jet 38 impinges on the surface 
are all controlled such that there is substantially no ma- 
chining of the metal of the uncoated second (exterior) 
surface 24 of the flame tube walls 44. Typically a stand- 
off distance 49 of up to about 20mm is used. 
[0033] As the jet 38 is traversed across second un- 
coated surface 24 of the flame tube walls 44 it encoun- 
ters a cooling hole 16. The cooling hole is in effect a 
passage and once the jet 38 enters the hole 1 6 it is guid- 
ed and channelled by the unblocked metal sides of a 
first portion 42 of the cooling hole 16. At the hole exit 
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the jet 38 encounters the coating accumulation 30 block- 
ing or partially restricting the hole 16. The coating 28 
material, for example a ceramic, is less resistant to the 
water jet 38 than the metal of the flame tube wall 44. 
The water jet 38 therefore machines away, by particle 
erosion, the coating accumulation 30 within the cooling 
hole 16 until the jet 38 can pass freely through the cool- 
ing hole 16. An illustration of a cleared hole 16 is shown 
in figure 3c. As can be seen, by this method, a clear well 
defined hole exit 48 is produced through the coating 28. 
The jet 38 is then traversed to the next cooling hole 16 
and the process repeated until all of the cooling holes 
16 have been cleared. By this method each of the cool- 
ing holes 16 are cleared in succession. 
[0034] Since the jet 38 is guided by the first portion 42 
of the hole 16 accurate alignment of the jet 38 with the 
hole 16 is not required using this method. Additionally 
since, in this case, the cooling holes 16 are of a smaller 
diameter than the water jet 38, the jet 38 will still overlap 
the hole 16 even when not fully aligned. Furthermore 
since the water jet 38 is directed against the second (ex- 
terior) 24 of the flame tube 6, the coating 28 on the first 
(interior) surface 22 that is not within the hole 16 is not 
exposed to the water jet 38. Consequently the possibility 
of the remainder of the coating 28, on the first (interior) 
surface 22 of the wall 44, being damaged by the water 
jet 38 is substantially eliminated. This is not the case in 
the prior art methods where a machining jet or abrasive 
fluid is supplied from the coated first (interior) surface 
22 of the component. 

[0035] A further advantage is that water jet machining 
is a relatively cool process so that there is substantially 
no heating of the component. This can be contrasted 
with other prior methods where significant heating of the 
component can occur. In particular this can be the case 
with laser drilling through a coating. Such heating, in the 
prior methods, can cause cracking of the coating and 
thermal damage to the component. 
[0036] In an alternative method the water jet 38 is tra- 
versed repeatedly across the uncoated side of the flame 
tube wall 44 containing the holes 16. During each 
traverse, or pass, the jet periodically encounters the 
cooling holes 16 and flows through them. Generally a 
traverse rate of between about 0.5m/minute and 10m/ 
minute, and typically of 2m/minute is used for a substan- 
tially linear traverse of the jet 38. At such a rate there is 
not sufficient time for the jet to remove all of the coating 
30 from within the hole 16 in a single pass. Consequent- 
ly only a portion of the material 30 is removed from within 
the hole 16 during a single pass of the jet 38 over, and 
through, a hole 16. The hole 16 is fully cleared after a 
number of individual passes of the jet 38 over and 
through the hole 16. 

[0037] The advantage of this method is that a large 
number of holes 16, within a single pass of the jet, can 
be cleared at substantially the same time. The jet 38 also 
does not have to be paused and directed individually at 
each hole 16. Consequently this alternative method re- 



quires even less alignment of the jet 38 with the holes 
16 and provides an even faster method of clearing the 
holes 16. Furthermore since accurate control of the wa- 
ter jet 38 is not critical in this method, less accurately 
5 controlled water jet machines that are simpler and 
cheaper can be used. 

[0038] A further variation of the above method is 
shown in figure 4. The flame tube 6, as described pre- 
viously with reference to figure 1 , has a coating 28 on 

f o the inside walls of the annulus defined by the flame tube 
6. A radially directed water jet 38 is traversed across the 
cooling holes 16 by rotating the flame tube 6 about its 
longitudinal axis 50, as shown by D. The jet 38 thereby 
acts on an entire circumference of the flame tube wall 

ts 44, in which the holes 16 have been drilled, during ro- 
tation of the flame tube 6. The water jet 38 is then axial ly 
translated, as shown by arrow E, to impinge a further 
circumference, and series of holes 16, axially along the 
flame tube 6. The jet 38 is also moved radially, shown 

20 by arrow F, relative to the flame tube walls 44 to achieve 
the required standoff distance 49. Rotation of the flame 
tube 6 is carried out by any conventional means, for ex- 
ample by mounting the flame tube 6 upon a rotary table. 
The above rotary system provides a simpler and easier 

25 method of traversing the jet 38 over the surface of the 
component, and higher traverse rates than can be easily 
achieved with a linear system can be produced. In a ro- 
tary system a traverse rate of the jet 38 over the surface 
of the component of 5m/s can be used. It will be appre- 

30 dated that with such rapid traverse rates only a very 
small amount of coating 28 material will be removed in 
any pass of the jet over the hole 16. 
[0039] In the arrangement shown in figure 4 the jet 38 
is shown being used to clear the holes 16 in the inner 

35 walls 52 of the flame tube. It will be appreciated that to 
clear the holes 16 in the outer walls 54 the jet 38 is 
mounted outside of the outer wall 54 of the flame tube 
6, with the jet 38 being directed radially inward. By this 
method the holes 16 that have been drilled within the 

to flame tube walls 44 are cleared by repeated passes of 
the water jet 38 as the flame tube 6 rotates. 
[0040] In a specific illustrative test of the basic method 
of the invention a 1mm thick piece test piece of C263, 
a nickel cobalt superalloy, was laser drilled with a 

45 number of 0.5mm holes, in a row, with each hole inclined 
at an angle of 30°. One side of the test piece was then 
then coated with a 0.4mm thick layer of a standard ce- 
ramic thermal barrier coating. In this test the coating 
comprised a 0.1 mm layer of MCrAlY bond coat, applied 

so by plasma spraying, with a 0.3mm layer of yttria stabi- 
lised zirconia ceramic deposited by plasma spraying on 
top of the bond coat. This coating at least partially 
blocked the pre drilled holes. A 1 mm circular water jet 
at a pressure of 50,000 psi, oriented at the same 30° 

55 angle as the holes, was directed at the metal side of the 
test piece with the water jet nozzle approximately 10mm 
from the test piece. This jet was traversed across the 
row of holes at a constant rate of 2m/minute. Inspection 
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of the holes showed that they had been adequately 
cleared of the ceramic coating previously deposited 
within them. The coating around the holes was also sub- 
stantially unaffected with a clean hole having been ma- 
chined through the coating by the water jet. There was 
also no significant damage to the surface of the test 
piece that was exposed to the water jet during traversal 
of the jet between holes. Although this method has been 
described in relation to clearing holes in annular flame 
tubes 6 it will be appreciated that it can be applied to 
other known types of combustors which incorporate 
cooling holes, or other small holes, and have a coating 
material applied to one side of their walls in the region 
of the holes. For example it can be used with cannular 
combustors that comprise a number of individual cylin- 
drical combustion cans disposed around the engine. 
The method of the invention can also be applied to clear- 
ing cooling holes within the combustor tiles of a tiled 
combustor. On side of the tiles being generally coated 
with a thermal barrier coating. Such tiled combustors al- 
so being well known in the art. 
[0041] The method of the invention can also be ap- 
plied to other components both within the combustion 
section 20 of a gas turbine engine and more generally. 
Indeed it is envisaged that it can be used to manufacture 
any component which, during manufacture, may have 
holes that are blocked, or partially blocked, by a coating 
material. For example it can also be applied to the man- 
ufacture of turbine blades which have cooling holes and 
are coated, on their outside, with a thermal barrier coat- 
ing. A restriction on the application of the method though 
is that there must be sufficient access for the jet to be 
directed at the cooling holes. This could possibly be a 
problem for some, in particular small, turbine blades 
where there must be sufficient room for the nozzle and 
jet to be inserted and operate inside of the blade. 
[0042] The method is not limited to use in removing 
thermal barrier protective coatings from within cooling 
holes. Other coatings may similarly block, or partially 
block any holes in the flame tube 6, or any other com- 
ponent. Such coatings could be applied, for example, to 
offer corrosion protection of the component. 
[0043] It will also be appreciated that the method can 
be applied to the repair of components as well as in their 
original manufacture. During repair and overhaul of 
used components and coating material is usually re- 
moved. A new coating is then applied which will gener- 
ally block or partially block the original cooling holes in 
the component. Accordingly the method of the invention 
can then be applied to remove this excess coating ma- 
terial from these cooling holes. 
[0044] In the embodiments of the invention a water jet 
38 has been described as being used to clear the holes. 
In alternative embodiments though other fluids could be 
used. An abrasive material could also be introduced into 
the fluid jet which, for a given jet pressure and standoff, 
will increase the machining power of the jet. In such var- 
iations though care must be taken to ensure that the fluid 
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jet does not machine the metal of the component whilst 
at the same time it is powerful enough to remove th 
coating material from within the holes. The possibility of 
damaging the metal of the component can also be re- 
5 duced by traversing the jet rapidly over metal such that 
the jet does not impinge the same area for a prolonged 
period. 



io Claims 

1 . A method of coating a component (6) having at least 
one passage (16) entirely therethrough comprising 
the steps of applying a coating (28) to a region of a 

15 first surface (22) of said component (6) adjacent 
one end of said at least one passage (16); charac- 
terised in that a fluid jet (38) is subsequently di- 
rected through the other end of the said at least one 
passage (16) so as to remove at least a portion of 
20 any coating (30) material located within, or obstruct- 
ing, the passage (16). 

2. A method as claimed in claim 1 in which the fluid jet 
(38) is a water jet. 

25 

3. A method as claimed in claim 1 or 2 in which the at 
least one passage (16) is arranged to provide, in 
use, a cooling flow for the component (6). 

30 4. A method as claimed in any preceding claim in 
which component (6) is made from a metal and the 
coating (28) is a ceramic. 

5. A method as claimed in any preceding claim in 
35 which the component (6) is a combustor flame tube. 

6. A method as claimed in any one of claims 1,2,3 or 
4 in which the component (6) is a turbine blade. 

40 7. A method as claimed in any preceding claim in 
which the jet (38) is channelled by a first portion (42) 
of the at least one passage (16), adjacent a second 
surface (24) of the component, before it encounters 
the coating (30) material within, or obstructing, the 

45 passage (16). 

8. A method as claimed in any preceding claim in 
which the component (6) has a plurality of passages 
(16), the method comprising directing the jet (38) 
50 through a first passage ( 1 6) and then traversing the 
jet (38) across the second surface (24) of compo- 
nent (6) to a next passage (16) where upon it flows 
through the next passage (16). 

55 9. A method as claimed in claim 8 in which the jet (38) 
is traversed at a constant rate over a region of the 
second surface (24) of the component (6) in which 
the passages (16) are located. 
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10. A method as claimed in claim 8 in which substan- 
tially all of the coating (30) within the passage (16) 
is removed from the first passage (16) before the 
jet (38) is traversed to the next passage (16). 

11. A method as claimed in any preceding claim in 
which the component (6) is rotated relative to the 
fluid jet (38) such that the fluid jet (38) is intermit- 
tently directed through the at least one passage (16) 
during the rotation of the component (6). 

12. A method as claimed in claim 8 or claim 9 in which 
the jet (38) is repeatedly directed through all of the 
passages (16) until the passages (16) have sub- 
stantially been cleared of any coating material (30) 
within, or obstructing, the passages (16). 

13. A method of repairing a gas turbine component (6) 
including a method as claimed in any preceding 
claim. 

14. A method of manufacturing a gas turbine compo- 
nent (6) including a method as claimed in any of 
claims 1 to 12. 



Patentanspruche 

1. Verfahren zum Beschichten eines Bauteils (6), der 
wenigstens einen durchgehenden Kanal (16) auf- 
weist, bei welchem Verfahren ein Uberzug (28) auf 
einen Bereich einer ersten Oberflache (22) eines 
Bauteils (6) in der Nahe eines Endes des wenig- 
stens einen Kanals (16) aufgetragen wird, 
dadurch gekennzeichnet, daft ein Fluidstrahl (38) 
danach durch das andere Ende des wenigstens ei- 
nen Kanals (16) derart gerichtet wird, daft wenig- 
stens ein Teil irgendwelchen Oberzugsmaterials 
(30) innerhalb des Kanals (16) Oder diesen Kanal 
verstopfend entfernt wird. 

2. Verfahren nach Anspruch 1 , bei welchem der Fluid- 
strahl (38) ein Wasserstrahl ist. 

3. Verfahren nach den Anspruchen 1 oder 2, bei wel- 
chem der wenigstens eine Kanal (16) vorgesehen 
ist, urn im Betrieb eine Kuhlluftstromung fur den 
Bauteil (6) zu bilden. 

4. Verfahren nach einem der vorhergehenden Anspru- 
che, bei welchem der Bauteil (6) aus einem Metal! 
besteht und der Uberzug (28) ein Keramikuberzug 
ist. 

5. Verfahren nach einem der vorhergehenden Anspru- 
che, bei welchem der Bauteil (6) ein Brennkammer- 
Flammrohr ist. 



6. Verfahren nach einem der Anspruche 1, 2, 3 oder 
4, bei welchem der Bauteil (6) eine Turbinen-Lauf- 
schaufel ist. 

5 7. Verfahren nach einem der vorhergehenden Anspru- 
che, bei welchem der Strahl (38) auf einen ersten 
Abschnitt (42) des wenigstens einen Kanals (16) 
benachbart zu einer zweiten Oberflache (24) des 
Bauteils geleitet wird, bevor der Strahl auf das 

10 Uberzugsmaterial (30) innerhalb des Kanals (16) 
oder diesen verstopfend auftrifR. 

8. Verfahren nach einem der vorhergehenden Anspru- 
che, bei welchem der Bauteil (6) eine Vielzahl von 

is Kanalen (16) aufweist und durch das Verfahren der 
Strahl (38) durch einen ersten Kanal (16) gerichtet 
wird und dann der Strahl (38) uber die zweite Ober- 
flache (24) des Bauteils (6) nach dem nachsten Ka- 
nal (16) uberfuhrt wird, wo der Strahl durch den 

20 nachsten Kanal (16) gerichtet wird. 

9. Verfahren nach Anspruch 8, bei welchem der Strahl 
(38) mit einer konstanten Geschwindigkeit uber ei- 
nen Bereich der zweiten Oberflache (24) des Bau- 

25 teils (6) gefuhrt wird, in dem die Kanale (16) ange- 
ordnet sind. 

10. Verfahren nach Anspruch 8, bei welchem im we- 
sentlichen der gesamte Oberzug (30) innerhalb des 

30 Kanals (16) aus dem ersten Kanal (16) entfernt 
wird, bevor der Strahl (38) nach dem nachsten Ka- 
nal (16) uberfuhrt wird. 

1 1 . Verfahren nach einem der vorhergehenden Anspru- 
35 che, bei welchem der Bauteil (6) relativ zu dem 

Fluidstrahl (38) derart gedreht wird, daft der Fluid- 
strahl (38) intermittierend durch den wenigstens ei- 
nen Kanal (16) wahrend der Drehung des Bauteils 
(6) gerichtet wird. 

40 

12. Verfahren nach den Anspruchen 8 oder 9, bei wel- 
chem der Strahl (38) wiederholt durch samtliche 
Kanale (16) gerichtet wird, bis die Kanale (16) im 
wesentlichen frei sind von allem Uberzugsmaterial 

45 (30) innerhalb der Kanale (16) oder diese verstop- 
fend. 

13. Verfahren zur Reparatur eines Gasturbinen-Bau- 
teils (6) gemaft einem Verfahren nach einem der 

50 vorhergehenden Anspruche. 

14. Verfahren zur Herstellung eines Gasturbinen-Bau- 
teils (6) mit einem Verfahren nach einem der An- 
spruche 1 bis 12. 

55 
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Revendications 

1. Procede de revetement d'un composant (6) ayant 
au moins un passage (16) le traversant entiere- 
ment, comprenant les etapes consistant a appliquer 
un revetement (28) au niveau d'une region d'une 
premiere surface (22) dudit composant (6) adjacen- 
te a une extremite dudit au moins un passage (16) ; 
caracterise en ce qu'un jet de fluide (38) est dirige 
ulterieurement a travers I'autre extremite dudit au 
moins un passage (16) afin de retirer au moins une 
partie de n'importe lequel materiau de revetement 
(30) situe a I'interieur du passage (16) ou bouchant 
celui-ci. 

2. Procede selon la revendication 1 , dans lequel le jet 
de fluide (38) est un jet d'eau. 

3. Procede selon la revendication 1 ou la revendica- 
tion 2, dans lequel le au moins un passage (16) est 
dispose de maniere a fournir, a I'usage, un ecoule- 
ment de refroidissement pour le composant (6). 

4. Procede selon Tune quelconque des revendications 
. precedentes, dans lequel le composant (6) est 

constitue d'un metal et dans lequel le revetement 
(28) est une ceramique. 

5. Procede selon Tune quelconque des revendications 
precedentes, dans lequel le composant (6) est un 
tube a flamme de bruleur. 

6. Procede selon Tune quelconque des revendications 
1, 2, 3 ou 4, dans lequel le composant (6) est une 
aube de turbine. 

7. Procede selon Tune quelconque des revendications 
precedentes, dans lequel le jet (38) est canalise par 
une premiere partie (42) du au moins un passage 
(16), adjacente a une seconde surface (24) du com- 
posant, avant de rencontrer le materiau de revete- 
ment (30) situe a I'interieur du passage (16) ou bou- 
chant celui-ci. 

8. Procede selon Tune quelconque des revendications 
precedentes, dans lequel le composant (6) posse- 
de une pluralite de passages (16), le procede com- 
prenant le fait de diriger le jet (38) a travers un pre- 
mier passage (16) puis a faire passer le jet (38) sur 
la seconde surface (24) du composant (6) vers un 
passage suivant (16) suite a quoi il s'ecoule a tra- 
vers le passage suivant (16). 

9. Procede selon la revendication 8, dans lequel le jet 
(38) passe a une cadence constante sur une region 
de la seconde surface (24) du composant (6) dans 
lequel les passages (16) sont situes. 



10. Procede selon la revendication 8, dans lequel sen- 
siblement tout le revetement (30) a I'interieur du 
passage (16) est retire du premier passage (16) 
avant que le jet (38) ne passe au passage suivant 
(16). 

1 1 . Procede selon Tune quelconque des revendications 
precedentes, dans lequel le composant (6) est mis 
en rotation par rapport au jet de fluide (38) de ma- 
niere a ce que le jet de fluide (38) soit dirige de fagon 
intermittente a travers le au moins un passage (16) 
durant la rotation du composant (6). 



10 



12. Procede selon la revendication 8 ou la revendica- 
15 tion 9, dans lequel le jet (38) est dirige de maniere 

repetee a travers tous les passages (16) jusqu'a ce 
que les passages (16) soient sensibtement debar- 
rasses de tout materiau de revetement (30) situe a 
I'interieur des passages (16) ou bouchant ceux-ci. 

20 

1 3. Procede de reparation d'un composant de turbine 
a gaz (6), comprenant un procede selon Tune quel- 
conque des revendications precedentes. 

25 14. Procede de fabrication d'un composant de turbine 
a gaz (6), comprenant un procede selon Tune quel- 
conque des revendications 1 a 12. 
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